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Artificially selected aggressive (SAL) and non-aggressive (LAL) male house mice were tested
in a hexagonal tunnel maze and light–dark preference (LD) box to determine if the bidirectional
selection for aggressive behavior leads to a coselection for different levels of trait anxiety. The
tunnel maze consists of an open, brightly lit central arena surrounded by a complex system of
interconnecting tunnels. As in the LD box, animals which spend less time and are less active in
the brightly illuminated section of the maze are considered to have higher anxiety levels. In the
tunnel maze, the LAL mice showed more exploration and spent more time in the central arena
than the SAL animals, but only during the final 2 min of the 6-min test. This reduced prefer-
ence for the central arena was not due to general inactivity or a failure of the SAL to find the
central arena and indicates a higher level of state anxiety in the aggressive animals. In contrast,
no “anxiety-like” differences were found in the LD box, either for the percentage of time spent
in the light compartment or for the number of crossings. SAL males actually showed higher lev-
els of moving and rearing, and lower levels of freezing, than did LAL males.
KEY WORDS: Tunnel maze; light–dark box; aggression; anxiety; coping strategy; selection lines;
habituation.
teristics. For example, lines of aggressive and nonag-
gressive wild house mice have been produced by se-
lectively breeding animals with short and long attack
latencies against a novel conspecific [SAL and LAL,
respectively (see Van Oortmerssen and Bakker, 1981)].
Behavioral responses are generally mediated by mul-
tiple genes and selection for such polygenic charac-
teristics is frequently associated with differences in
phenotypes other than those for which selection has
been specifically performed (Broadhurst and Bignami,
1965). SAL and LAL mice exhibit differences in a host
of behavioral and neurochemical characteristics other
than that for which they were specifically selected (see,
e.g., Benus et al., 1991a; Sluyter et al., 1995a, b,
1996a, b). In general, (aggressive) SAL males display
a more active coping style toward environmental pres-
sures, whereas (low to nonaggressive) LAL mice show
a more passive coping style (Benus et al., 1991a;
Bohus et al., 1987).
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INTRODUCTION
Bidirectional, selective breeding enables genetically
determined individual differences between animals in
a normally distributed population to be magnified. This
technique has been employed to exploit individual
variations in a number of different behavioral charac-One of the ways in which these mice differ is their
behavior in the shock probe burying test. SAL males
respond actively, with more time spent on defensive
burying, whereas LAL males are more passive, demon-
strating increased immobility (Sluyter et al., 1996a,
1996b). However, both the augmentation of defensive
burying (Treit et al., 1981) and the increased immo-
bility (Blanchard and Blanchard, 1990) could be inter-
preted as an increase in anxiety. This raises the ques-
tion whether SAL and LAL actually differ in anxiety
and, if so, to what extent. We therefore exposed both
lines to two further behavioral test procedures: a com-
plex tunnel maze and a light/dark box. Both paradigms
have been proposed to represent current animal mod-
els of anxiety, or fearfulness, in that they create or mea-
sure a state in the animals which can be modulated by
external stressors and which is sensitive to the effects
of anxiolytic compounds. The models are both based
on unconditioned responses to potentially dangerous
environments.
The hexagonal tunnel maze, as used with mice or
young (weanling) rats, is illustrated in Fig. 1. In brief,
it consists of two concentric rings of interconnecting
alleys containing, in the center, a hexagonal arena. This
central arena can be brightly lit, and under these con-
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ditions, it is supposed to be avoided by the more fear-
ful animals (Fernández-Teruel et al., 1994). Entry into
the central arena has been enhanced in adult rats by the
GABA-ergic anxiolytics chlordiazepoxide and pento-
barbital (Bättig, 1983; Bättig et al., 1979; Martin et al.,
1982) and, in young rats, by anxiety-reducing neona-
tal handling (Fernández-Teruel et al., 1991, 1992). In
addition, avoidance of the central arena is increased by
further increasing the levels of illumination of that area
(Nil and Bättig, 1981). Thus, previous findings with
rats selected for divergent behavioral characteristics
lend support to the avoidance of the central arena as an
expression of anxiety.
The second paradigm, a light–dark (LD) box, was
first reported by Crawley and Goodwin (1980) and fur-
ther developed by Costall and colleagues (1987, 1989)
and Misslin et al. (1989). It consists of two connected
boxes, one dark and one brightly lit, between which
the animal can move freely. As in the tunnel maze, the
more fearful animals should avoid the brightly lit
(light) box.
MATERIALS AND METHODS
Mice
All mice were housed in Plexiglas cages (17 3
11 3 13 cm) in a room with an artificial 12:12 LD cycle
(lights on at 0030 h). Food (standard laboratory chow;
Hope Farms AM2) and water were available ad libi-
tum. Mice were weaned at 3–4 weeks of age. Males
and females were separated and housed with (same-
sex) littermates, at a maximum of five animals per cage.
At the age of 6–8 weeks, each male was paired with
one female, preferably a littermate.
SAL and LAL
The lines bidirectionally selected for attack latency
originated from a colony of wild house mice (Mus mus-
culus domesticus), maintained at Haren, The Nether-
lands, since 1971. For a detailed description of the se-
lection procedure, the reader is refered to Van
Oortmerssen and Bakker (1981). Both lines have not
systematically been inbred, nor have replicated lines
been developed at the starting point of the selection. It
can theoretically not be excluded that possible pheno-
typic variation between SAL and LAL is due to the ran-
dom fixation of alleles (genetic drift) rather than to the
alleles affected by selective breeding. Differences in
aggressive behavior may therefore be spuriously related
Fig. 1. Diagrammatic representation of the hexagonal tunnel maze
(reproduced by courtesy of H. Fumm). The central arena is brightly
lit and the surrounding tunnels are dim. Dimensions and positions of
light beams are indicated.Anxiety in SAL and LAL Mice 441
to variation in other behaviors, e.g., anxiety-like be-
havior. In this respect, however, it is important to men-
tion that replicated lines which have been created for
the more recently developed Y chromosomal congenic
lines do not differ in attack latency and related neuro-
behavioral variables (unpublished observations).
SAL animals originated from the 50th (tunnel
maze) and 57th (LD box) generations, while LAL ani-
mals came from the 28th (tunnel maze) and 30th–31st
(LD box) generations. Differences in the number of
generations between SAL and LAL mice originated
from difficulties in developing the LAL line per se (Van
Oortmerssen and Bakker, 1981; Van Oortmerssen
et al., 1985), and in unequal rates of reproduction, with
the SAL females producing both earlier and larger lit-
ters. Both selected lines have been shown to behave
similarly to freshly caught wild house mice (Van Oort-
merssen, unpublished observations) and to be able to
survive under natural conditions (Van Oortmerssen and
Busser, 1989).
Similarly to previous experiments, each SAL or
LAL male was housed with a female in this study.
There are mainly two reasons to do so. First, male–
female housing mimics the natural situation, in which
males live with females in so-called demes. Second, the
alternatives are out of the question, as isolation severely
affects natural behavior in mice and group housing
leads to savage violence in adult SAL males.
Hexagonal Tunnel Maze
The resultant, pregnant SAL and LAL females
were transported from Haren, The Netherlands, to
Zurich, Switzerland. Ten SAL and nine LAL male pups
from five litters per line were weaned at postnatal
day 21. Subsequently, each one of them was housed
together with a standard cage mate (female Balb/c).
They were maintained in transparent polycarbonate
cages (Makrolon, type II; 16 3 22 3 14 cm), with saw-
dust provided as bedding. Food and water were avail-
able ad libitum and a 12:12-h light:dark cycle (lights
on at 2200 h) was maintained with dim red light during
the dark hours.
A hexagonal tunnel maze with concentric inter-
connected alleys was used (Fig. 1, including dimen-
sions). A total of 42 infrared photocell units, the dot-
ted lines indicated in Fig. 1, was uniformly distributed
within the maze alleys and interfaced to an IBM-XT
personal computer. Entry into and exit from the cen-
tral (brightly illuminated) arena could also be mea-
sured. The ceiling and side walls (9 cm high) were fit-
ted together to form a unit that could be lifted from the
floor to permit easy removal of the subjects and sub-
sequent cleaning. The maze contained no barriers, thus
permitting the mouse to ambulate freely from one alley
to another. The central open arena was illuminated by
a 60-W incandescent light bulb suspended 28 cm above
the center.
Behavioral testing was carried out between 1100
and 1500 h when the mice were approximately 100 days
old. The order of testing was arranged so that mice of
the SAL and LAL lines were tested alternately. Each
mouse received a single 6-min trial in the maze, which
began with the placement of a mouse into the outer
maze alley through a door in the ceiling of the maze
apparatus. At the end of each test the floor of the maze
was thoroughly wiped with a damp cloth.
The data were printed out in the form of a list of
order of beams broken and time between consecutive
beam interruptions; these were analyzed manually
minute by minute over the 6-min total trial duration by
an observer blind to the genetic line of the animals. The
repeated interruption of one light beam was counted as
one activity count, thus inactivity, grooming, and risk
assessment were not incorrectly interpreted as activity.
The parameters analyzed were (1) total activity (number
of photobeam interruptions each minute), (2) activity in
the outer alley, (3) activity in the central arena, (4) per-
centage of outer alley activity adjusted for total activity,
(5) percentage of central arena activity adjusted for total
activity, (6) time in the outer alley and, (7) time in the
central arena. In addition, the time taken (latency) for
the animals first to enter the central arena was analyzed.
It is important to note that the total activities or times
are not simply the sum of the outer alley and central
arena activities/times, as the animals can also explore
the ring of alleys which lies between the central arena
and the outer section of the maze (see Fig. 1).
Light–Dark Box
The animals to be tested were sent to Geneva,
Switzerland, at an age of 15–16 weeks. Immediately after
arrival each male was paired with a female (SAL males
with SAL females and LAL males with LAL females).
As with the maze experiment, animals were housed in
transparent polycarbonate cages (42 3 18 3 15 cm; cage
type III; IFFA-CREDO, France), with sawdust provided
as bedding. Food and water were available ad libitum,
and a light:dark cycle of 12:12 (lights on at 0700 h) was
maintained. Ten males of each line were tested, the age
of testing being approximately 20 weeks.The light–dark box (LD box) used in this study
was a modified version of the one described by Steimer
et al. (1997). It was constructed of wood with wash-
able plastic surfaces, its total size being 50 3 25 3
20 cm. It consisted of two compartments separated by
a partition in the middle, which left a passage (7 cm)
at the front of the box, and was illuminated from the
back through a translucent screen by means of a 60-W
incandescent tube. Average light levels were 500 and
50 lux for the light and dark box, respectively. The ob-
servation room was darkened; a red filter on the screen
of the dark compartment was used to obtain dim illu-
mination. Observations were carried out through a front
window made of clear Perspex. Through a sliding lid
each mouse was placed in the dark compartment, an
experimental aspect different from traditional proto-
cols, where animals are placed in the light compart-
ment. Recent studies in rats have suggested, however,
that the LD box is more advantageous, i.e., more dis-
criminative, when the animals are initially placed in the
dark compartment (thereby more closely simulating
natural conditions) (Steimer et al., 1997; Henniger et al.,
2000). A mouse whose four paws were in the other box
was considered as having changed boxes. Animals were
observed for 5 min. The boxes were cleaned between
tests with a diluted detergent. All tests were videotaped
and carried out between 0945 and 1430 h.
Data were analyzed by means of special software
(The Observer 3.0, Ethovision 1.6; Noldus Information
Technology, Wageningen, The Netherlands). Time
spent in the light compartment, number of crossings,
and latency to the first crossing were determined. More-
over, the duration of the following behaviors was
recorded: freezing, moving, rearing, self-grooming, and
jumping (frequency). Defecation (number of boll) was
also measured. Ten males per line were tested.
Statistical Analyses
Data derived from the minute-by-minute “time
bin” analyses were analyzed using a one-way repeated-
measures analysis of variance (one-way ANOVA),
where line (SAL or LAL) represented the between-
group factor and the time bin represented the within-
group repeated measure. Where significant interaction
(time 3 line) effects were observed, post hoc analyses
(for all pairwise comparisons) were performed using
the Student–Newman–Keuls method. The latencies to
the first entry into the central arena of the tunnel maze
and the light box were compared using Student’s t test
for unpaired observations.
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RESULTS
Hexagonal Tunnel Maze
The total activity of the mice (measured as the
number of beam interruptions) remained relatively sta-
ble throughout the test period (Fig. 2, top). Although a
significant time effect was observed (F5,85 5 3.9, p ,
.01), no significant differences between the SAL and
the LAL mice were found. Similarly, there were no ef-
fects of line on the activity of the mice in the outer por-
Fig. 2. Minute-by-minute analyses of activity in the entire tunnel
maze (top), the outer alleys (middle), and the central arena (bottom).
Data are presented as mean 6 SE. *p , .05.Anxiety in SAL and LAL Mice 443
tion of the maze, though this behavior also changed
with time (F5,85 5 6.7, p , .001) (see Fig. 2, middle).
The activities of the mice in the central arena of
the tunnel maze are presented in the bottom panel in
Fig. 2. SAL males were less active in this central arena
than LAL males (F1,19 5 5.2, p , .05). The exploration
thereof changed significantly with time (F5,85 5 9.4,
p , .001). In addition, there was a significant line 3
time interaction (F5,85 5 5.4, p , .001). Each of these
effects can be attributed to the increase in central arena
activity of the LAL animals during the last 2 min of
the trial.
Relative activities (percentage of outer activity and
central arena activity adjusted for total activity), as well
as time spent in the outer alley and the central arena,
yielded results similar to absolute activities and are not
presented.
The time taken for the mice to make their first
entry into the central arena is presented in Fig. 3. The
time taken by the SAL was significantly less than that
taken by the LAL (p , .05, Student’s t test)
Light–Dark Box
Mean values of all variables are shown in Table I
and Figs. 3 and 4. No significant differences between
SAL and LAL were found either for percentage of time
spent in the light compartment, for number of cross-
ings, or for latency to the first crossing. Also when the
percentage of time spent in the light compartment after
the first entry was analyzed, no significant differences
between SAL and LAL were observed [either for a
Fig. 3. Mean (6SE) latencies to enter the central arena of the tun-
nel maze and the light compartment of the LD box. *p , .05.
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line interaction tended to be significant (F4,72 5 2.3,
p 5 .07).
As for the different behavioral measures, freezing,
moving, and rearing (tended to) vary between the two
lines (see Fig. 4). SAL mice showed longer durations
of moving (F1,18 5 4.1, p 5 .06) and rearing (F1,18 5
14.4, p , .01) but shorter durations of freezing (F1,18 5
5.7, p , .05) than LAL mice. All behaviors changed
over time. Significant time 3 line interactions were ob-
served for freezing and moving (F4,72 5 3.7, p , .01,
and F4,72 5 3.0, p , .05, respectively). During the first
2 min, SAL males moved more but froze less than LAL
males (see Fig. 4) (p , .05). The other behaviors did
not interact with time. Also, the number of fecal boli
did not differ between the lines (SAL, 2.6 6 0.4; LAL,
1.9 6 0.6).
DISCUSSION
In the present study we investigated the behavior
of two lines bidirectionally selected for attack latency
(aggressive, SAL; and nonaggressive, LAL) in two par-
adigms which are considered to be animal models of
anxiety: the hexagonal tunnel maze with a lighted cen-
tral arena and the light–dark (LD) box.
In the tunnel maze, SAL males were the first to
enter the central arena, possibly indicating a more effi-
cient exploration of the rest of the maze or higher ac-
tivity at the start of the trial (supported by the higher
baseline rearing number in the SAL). However, they
were observed to be less active in the brightly illumi-
nated area of the maze than LAL males. This was most
marked in the last 2 min of the test and can be inter-
preted as a higher level of anxiety in SAL than LAL, an
interpretation also supported by the the larger amount
of time LAL males spent in the central arena during the
last 2 min. Although, to our knowledge, mice have
never been tested in the hexagonal tunnel maze, data
do exist on rat selection lines. Rat lines bidirectionally
selected for high and low acquisition rates in a two-
way active avoidance paradigm [Roman High and Low
Avoidance: RHA/Verh and RLA/Verh, respectively
(see Bignami, 1965)] actually behave differently in this
test (Fernández-Teruel et al., 1991, 1994).
In the LD box, SAL and LAL mice behaved simi-
larly with respect to the two measures supposedly in-
dicative of anxiety. Neither the percentage of time spent
in the light compartment nor the number of crossings
varied. These results are not in line with previous find-
ings on the behavior of 10 inbred mouse strains in a
LD box. A strong negative genetic correlation was pre-
Fig. 4. Minute-by-minute analyses of moving (top), rearing (mid-
dle), and freezing (bottom) in the light–dark box. Data are presented
as mean 6 SE.
fixed amount of time (2 min) or for the remaining time
of the test]. Both the time spent in the light compart-
ment and the number of crossings changed significantly
over time (F4,72 5 3.8, p , .01, and F4,72 5 3.1, p , .05,
respectively). For the number of crossings the time 3Anxiety in SAL and LAL Mice 445
viously found between the percentage of males attack-
ing a passive standard opponent and the time spent in
the brightly lit compartment (Guillot, et al., 1996).
Hence, aggressive strains spent less time in the light
compartment, indicative of higher levels of state anxi-
ety (Costall et al., 1987). The present findings agree,
though, with recent data on two substrains of C57BL/6J
males, which differed in aggression but not in time
spent in the light compartment or number of crossings
between the light and the dark box (Sluyter et al.,
1999a). In contrast to the latency to enter the bright
arena in the tunnel maze, SAL males were not faster
than LAL males to enter the light compartment of the
LD box. As for the distinct behavioral measures, SAL
males moved and reared more, but froze less, than LAL
males, which is in agreement with previous findings in
the defensive burying test (Sluyter et al., 1996a,
1999b). Contrary to the results in the tunnel maze, how-
ever, this behavioral difference was most marked in the
first two minutes of the test.
Two possibilities may be put forward to explain
the inconclusive results of the tunnel maze and LD
box. First, both paradigms may expose the animals to
varying levels of stress, indicating that, these “anxi-
ety” tests measure different types of behavior and
should be used complementarily instead of inter-
changeably. Second, although both models do indeed
measure similar states of anxiety, this may have been
concealed by differences in the experimental settings
between both tests, such as variations in transport,
housing facilities, time, and/or age. The latter two were
not likely to have affected the outcome of the experi-
ments, as not only is the selection criterion, i.e., attack
latency, stable over time, but both lines have shown
similar apomorphine-induced stereotypies as well as
routine-like behavior at different time points, i.e., dif-
ferent generations of selection [cf. Benus et al. (1991b)
vs Sluyter et al. (1995a) and Benus et al. (1990) vs
Sluyter et al. (1996b)]. In addition, test scores are rel-
atively invariable between 3 and 6 months of age
(Sluyter, unpublished observations). Possibly more
confounding variables are the differences in transport
and housing facilities. In this respect, a recent study
by Crabbe et al. is worth mentioning (1999). They
evaluated a broad-based behavioral test battery on
eight mouse strains at three sites in the United States
and Canada, using simultaneously performed, identi-
cal procedures and also including gender and shipping
status. The results suggest the cross-site stability of
strain differences to be highly task dependent. For in-
stance, baseline activity in the home cage demonstrated
a relatively good stability of the genetic differences
across site, with virtually no meaningful influence of
shipping status, whereas genetic effects on strain per-
formances in the water escape task were only partly
consistent across site and shipping status.
Recapitulating, male mice which have been se-
lectively bred for short attack latencies (SAL) show
more anxiety-like behavior in the hexagonal tunnel
maze than those which are bred for long attack laten-
cies (LAL), whereas no “anxiety-like” differences were
found in the LD box. Clearly, before any final judg-
ment can be passed on possible anxiety differences be-
tween SAL and LAL, more tests should be performed
on these lines. Excellent candidate paradigms are the
tests of exploratory behavior as described by Lister
(1991)—the elevated plus maze, the open field, and the
holeboard test—as well as the more ecologically rele-
vant tests developed by Parmigiani’s group (e.g.,
Parmigiani et al., 1999). Still, it should be noted that
the weak association between different levels of ag-
gressive behavior and anxiety in these selectively bred
lines suggests that the two traits are only marginally
genetically linked. Traditional genetic techniques such
as segregating crosses should demonstrate the genetic
link between these two aspects of temperament and
serve to provide more evidence for the possibility that
aggressive animals attack because they are more, not
less, fearful.
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